ABSTRACT
INTRODUCTION
Planning and execution of a breeding program require information on the genetic systems controlling the characters of the interest, so that the expected gains can be maximized with use of the selection process (Vencovsky and Barriga, 1992; Barelli et al., 1999; Viana et al., 1999) . In snap bean, studies about inheritance of important morphoagronomic traits for plant breeders are scarce. Besides, there are controversial results considering the same traits. Rodrigues et al. (1998) , as an example, found that dominance effects were more important for plant height while additive effects were superiors for pod length. Leal et al. (1979) , studying a partial diallel in snap bean, in order to investigate genetic effects over yield traits, comparing performance on F 5 and F 6 with F 1 and F 2 , concluded that additivity and epistasis were predominant for pod lenght, yield per plant, number of pods per plant, individual pod weight, number of pods per plant, and incidence of interlocular cavitation. Carvalho et al. (1999) , studying, tested four snap bean cultivars (Alessa, Andra, Cota and Cascade) as parents in a diallel design without reciprocals, and verified significance for all traits considering specific combining ability, indicating that epistatic and, or dominance effects were involved in genetic control for number of pods, pod diameter, pod length and number of days to flowering. Considering different crops, the diallel analysis has been emphasized in many breeding programs because of the large amount of information this approach can offer to the breeder (Foolad and Bassiri, 1983; Amaral Júnior et al., 1996; Barelli et al., 1999; Cruz and Regazzi, 2001 ). According to Cruz and Regazzi (2001), Hayman´s procedure (1954) , among methodologies of diallel analysis available, has greatly contributed to breeding. It provides an efficient study of the genetic action involved in the control of traits and identifies the presence of epistatic interactions. It also estimates the genetic component of genotype determination and the limit of selection which may be obtained from assessed parents. The present study was carried out using a diallel cross system based on Hayman´s methodology (1954) among five divergent snap bean accessions to obtain genetic information for morphoagronomic traits to start a breeding program.
MATERIALS AND METHODS
Parents and hybrids: The snap bean accessions UENF 1429, UENF 1432, UENF 1442, UENF 1445 and UENF 1448, from the vegetable germoplasm bank at UENF (Darcy Ribeiro North Fluminense State University), Rio de Janeiro, Brazil, were chosen because of their divergent morphological and agronomic traits identified by Abreu (2001) and used as parents in a complete diallel without reciprocals. Crosses were made using the method proposed by Vieira (1967) , which consisted of mechanical emasculation of the female parent using tweezers on flower buds one day before flowering followed by crosses pollination. Ripe pollen from open flowers of the male parents was used to perform the crosses. The hybrids were confirmed by flower color and RAPD markers. The following traits were evaluated: a) mean number of pods per plant (MNP), obtained from the ratio between the total number of pods and the total number of plants, in each treatment; b) mean pod weight per plant (MPW), expressed in grams, obtained from the ratio between the total weight of pods and the total number of plants, in each treatment; c) mean number of seeds per pod (MNS), obtained from the average number of seeds in a sample of ten pods per plant, in each treatment; d) mean height of the insertion of the first pod (HFP), expressed in cm, as the ratio between the measurement from the soil to the insertion of the first pod and the respective number of plants in each treatment; and e) number of days to flowering (NDF), obtained by counting the number of days, from sowing to the complete opening of the first flower. Treatments and experimental design: The populations of five parents and 10 F 1 , totalizing 15 treatments were assessed in the greenhouse at the UENF, Campos dos Goytacazes, Rio de Janeiro, in 2002. The experimental design was a randomized complete block with fifteen replications. Two seeds were sown in 5 dm 3 pot containing substrate. They were thinned fifteen days after emergence, and one plant was left in each pot. Each pot with one plant made up an experimental unit. An analysis of variance considering randomized complete block design for the data of each characteristic was carried out, using GENES program (Cruz, 2001) . The value of each observation provided by the following statistical model, considering accession as fixed effect was used: Hayman´s diallel analysis (1954): The Hayman`s diallel analysis (1954) was carried out based on Cruz and Regazzi (2001) , considering that homozygous parents were different in only one locus (T/t), and present desirable alleles in an u 1 ratio and undesirable alleles in a v 1 ratio. The GENES program (Cruz, 2001 ) was used for this analysis.
RESULTS AND DISCUSSION
Sufficiency test of the additive-dominant model: Assuming that the genetic effects are the results of the additive and dominant action of genes, Hayman (1954) imposed a series of restrictions which required the application of tests to verify the sufficiency of the model. Table 1 shows the results of the applications of two tests for the traits assessed. The totality of the traits was no significant in test F, hence the assumptions imposed were valid and indicated that the additive-dominant model was adequate to the genetic study of these traits. Mean number of pods per plant (MNP): o rotation, at 1% and 5% levels of probability. ns = not significant at 1% and 5% levels of probability. (Table 3) , its value was still lower than its potential of -3.6209, according Table 4 shows the presence of the partial dominance for the allelic relation because of the value 0.5567 for the mean degree of dominance. Hence, it would be more difficult selecting superior individuals since heterozygous would be almost so valuable than recessive homozygous.
Based on value 1.1499, revealed by
there was allelic symmetry between dominant and recessive alleles, which could be observed in Fig. 2 . (Table 2) . Based on Fig. 3 , the rank of the parents in terms of concentration of dominant alleles was 1 (UENF 1429), 5 (UENF 1448), 4 (UENF 1445), 3 (UENF 1442) and 2 (UENF 1432). Therefore, parent UENF 1429 would be indicated for using in breeding programs to obtain superior gains for number of seeds per pod. This was supported by the high value of the genotypic determination coefficient ( 2 R h = 0.8280) expressed for this trait ( showing that the alleles which increased the height of the insertion of the first pod were predominantly recessives (Table 2 ). In a breeding program aiming to develop snap bean cultivars with small height of first pod insertion in order to increase the number of harvest per year, it must be considered that dominant alleles were desirable to obtain genetic gains in advanced generation. However, it must be considered yet that reducing the height of the first pod insertion could result in yield losses because of the pod contact with pathogen present in soil and soil humidity. The parent with higher concentration of dominant alleles was UENF 1448 (Table 3 and Fig. 4) , presenting a value of 30.9895 (Table 3) . Nevertheless, it was still possible to obtain materials with major concentration of dominant alleles, considering that the value of limit of selection was 9.9822 (Table 2) Table 2 . Therefore, it was possible to obtain superior genotypes in earlier advanced generations, which was supported by high 2 R h value for this trait (0.9014), showed in Table 4 . Moreover, the major importance of additive effects in this trait expression associated with the intralocus ratio near 1.000 (Table 4) 
RESUMO
Cinco acessos divergentes de feijão-de-vagem do banco de germoplasma da UENF, Rio de Janeiro, Brasil, e seus dez híbridos dialélicos possíveis, foram avaliados quanto à herança para cinco características morfoagronômicas, utilizando a metodologia de Hayman (1954) . Os resultados evidenciaram que os efeitos gênicos aditivos foram predominantes para peso de vagem por planta, número de sementes por vagem, altura da inserção da primeira vagem e número de dias para florescimento, enquanto os efeitos gênicos não aditivos foram mais importantes na expressão de número de vagens por planta. Isso demonstra que, para as quatro primeiras características, a melhor estratégia a ser adotada é o uso dos acessos em programa de melhoramento intrapopulacional, visando a obtenção de segregantes superiores. Para número de vagens, a estratégia de melhoramento interpopulacional seria mais indicada, por explorar a heterose. Os resultados revelaram ainda que os alelos dominantes são responsáveis por aumentos no número de vagens por planta, no peso de vagem por planta e no número de sementes por vagem. A interação alélica de sobredominância destacou-se para número de vagens por planta, enquanto para as demais características houve a prevalência de dominância parcial.
